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Historical Perspective of Hematopoietic
Stem Cell Transplantation (HSCT):
Revolution in Practice

1960 — 1990

1990’s — present

Rescue of radiation-induced marrow failure
Transfer of marrow as therapy

Ablation of marrow — Eradication of hematopoietic malignancies

* GVHD correlates with cure

» Relapse is greater in absence of allogeneic differences between
donors and patients (identical twins)

» Relapse is greater if T cells are removed from donor inoculum

» Infused T cells after transplant can treat relapsed disease

HSCT is an immunotherapy — non-myeloablative allogeneic HSCT

» Hospitalization of 0 - 14 days

 Ability to put in place an allogeneic immunotherapy with minimized
toxicity

» Limited to no neutropenia




Probability of Survival After Allogeneic Transplant for Severe
Aplastic Anemia, by Donor Type and Age, 1998-2008
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Probability of survival after HLA-matched sibling donor transplant
for AML,
by disease status, 1998-2008
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Allogeneic Transplantations
by Conditioning Regimen Intensity,
Registered with the CIBMTR, 1998-2007

B Reduced Intensity Conditioning
B Standard Myeloablative Conditioning
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Trends in Allogeneic Transplantation
by Recipient Age”*
1987-2007
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* Transplants for AML, ALL, CML, MM, NHL, CLL, MDS
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Major Obstacles to Allogeneic Stem Cell
Transplantation

 Graft Rejection

* Immune Incompetence
« GVHD

» Relapse/GVL-GVT




Linked Biology of Graft Rejection (GR),
GVHD, GVL and Immune Reconstitution
(IR)
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Barriers Are Donor-Recipient Dependent
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Determinants of Engraftment

Space

Physical Room
Supportive Stroma
Growth Factors

Rejecting
Donor Inoculum Patient Cells

T Cells T Cells
Hematopoietic Precursors NK Cells

Donor
Hematopoiesis
Lymphopoiesis




Achieving Optimal Recipient T Cell Depletion

Total CD8+ Cells

Cell Number (109)
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HBSS 950 Flu 100 Flu100 Flu 100
cGy Cy 100 Cy50 Cy 50
(10 d) (10d) (19 or 27 d)

Petrus MJ et al Biology of Blood and Marrow Transplantation; 6: 182 (2000).




Pretreatment T Cell Number Determines
Engraftment Rate

p=.0089

*

Mixed Rapid
Chimerism
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Hardy NM et al Biol Blood Marrow Transplant ; 13:1022 (2007).




Major Obstacles to Allogeneic Stem Cell
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There Are Two Primary Pathways of T Cell
Regeneration

Thymus Dependent

Peripheral Expansion
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CD4* T Cell Regeneration in Mice and
Humans

Mouse Human
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CD4* T Cell Reconstitution: Summary of
3-5 Year Prospective Data In Adults
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Enhancing T Cell Immune Reconstitution:
Points to Consider

Two pathways exist

There are constraints in recovery even in the
autologous setting:

CD4+ T cell reconstitution (number and diversity)
depends on thymus function

Recovery of thymus function in terms of
frequency and rapidity declines with increasing
age

There is regulation of thymus function




Points of Thymus Regulation

IGF-1
Androgen withdrawal
KGF

Regulatory Genes

Niche Size

Precursor pool
—

Lin- Sca-1* c-Kit* mediator of thymopoiesis:
A primary point of thymus
regulation

TEC proliferation as a




There Are Two Primary Pathways of T Cell
Regeneration
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T Cell Maintenance: Role of Cytokines

Niche 1 Naive CD4* T cells J
IL-7

Naive CD8* T cells

Central memory CD8* T cells
J IL-15

Activated CD8* T cells

Memory CD4+ T cells ] Unknown




Phase | study of IL-7

Preliminary results: biologic activity

—m— cohort 1
(3ug)

—&@— cohort 2
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—a— cohort 3
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There Are Two Primary Pathways of T Cell
Regeneration
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IL-7 Rejuvenates T Cells

N

Proportional Area within Spectratype

Sportés C et al. J Exp Med 2008;205:1701-1714




Major Obstacles to Allogeneic Stem Cell
Transplantation

 Graft Rejection

* Immune Incompetence
« GVHD

» Relapse/GVL-GVT







Candidate Antigens in CML

. APOBEC3 .
Expression CHD2 ACVR2B Protein

. ZNF292 IRAK3 i
library OGFR Bt microarray

NUDCD1 42
MVD (42)

RASL11B
RBBP4

TMSB4Y RET

C11orf2 TNFRSF19

ANKRD50  RAB38
ARHGAP4 RAD51AP1
C110rf16 RAF1
C200rf103 RPS6KC1
CCBL2 SEPT4
Loh;;/lgﬁ’% CNN3  SERPINB9
NARG2 CSK SNAP25
SP110 DUSP12 TBCE
4 POLB EIFIAY  TGFBR2
ELMO3 TYRO3
KIAA1542 GRK5 UNC119
FLJ20436 LIG3 VPS4B
RBM25 MGRN1 WDR4
NAALADL2 ZDHHC19
PTCD3 PPIA
PTRH1

Biernacki M A et al. Cancer Res 2010;70:906-915

©2010 by American Association for Cancer Research




Chimeric Antigen Receptors (CARS)

*CARs contain antigen
receptors such as the heavy
and light chain variable
regions of antibodies
connected by a linker (scFv).

*CARs include signaling
molecules such as CD3-zeta
and may contain
costimulatory molecules
such as CD28.

Cy2 Tumour-specific
., antibody
HO

Tumour-associated
antigen

Signalling / Hinge  sckv
domains

M.H. Kershaw et al. Nature Reviews Immunology (2005) 5:928.




Bone Marrow B-lineage Cells Were Nearly Eliminated After
Infusion of Anti-CD19-CAR Transduced T Cells

26 days afer infusion




Graft Engineering: T Cells

Macrophage Mediator Response

Type |
Immune
Response

IL-4/\
Type ll NO
Immune Macrophage
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HSCT: Evolution in Concepts, Revolution in
Practice — A Field in Motion

Marrow stem cells — Bone marrow transplantation therapy
Transplant in remission — Transplant as standard therapy

Modulating hematopoiesis by growth factors — G-CSF to enhance
marrow function and mobilize cells

Allogeneic transplant as immunotherapy — Reduced intensity
therapy

Enhancing immune reconstitution
Optimizing GVL while controlling GVHD

Cord blood as a viable alternative to treat adults




After 50 Years
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Three Things That Have Moved HSCT
Forward

 Knowledge

 Knowledge

 Knowledge
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